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Blocking IL-10 enhances bacillus Calmette-Guérin
induced T helper Type 1 immune responses
and anti-bladder cancer immunity
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Proper induction of Th1 immunity is required for effective immunotherapy of bladder cancer with the bacillus Calmette-
Guérin (BCG). Interleukin-10 (IL-10) downregulates the Th1 immune response and is associated with BCG therapy failure.
We evaluated BCG plus IL-10 blocking antibodies and found that this combination therapy induces enhanced Th1 immune
responses and anti-bladder cancer immunity in preclinical animal models.

Bladder cancer is a common malig-
nant disease dominated by a T helper
Type (Th) 2 polarized immunopatho-
logic response. Intravesical instillation of
Mycobacterium bovis bacillus Calmette-
Guérin (BCG) has been used for the treat-
ment of superficial bladder cancer for over
three decades. BCG therapy can shift the
Th2 environment toward a Thl milieu,
leading to effective anti-bladder cancer
immunity in the majority of patients.
BCG therapy typically results in 50-60%
effectiveness against small residual tumors
and a 70-75% complete response rate for
carcinoma in situ. However, BCG therapy
is associated with 40-50% disease recur-
rence and a lack of therapeutic response in
some patients. In addition, up to 90% of
patients experience various side effects and
occasionally even life-threatening com-
plications such as sepsis. Therefore, the
current BCG therapy is not optimal with
respect to its efficacy and safety.

To improve BCG therapy, efforts
have been made to enhance the induc-
tion by BCG of Thl immune responses,
since evidence supports the Thl immune
responses to be essential in BCG-mediated
bladder cancer destruction.! Cytokines
with Thl-stimulating properties such as
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interferon (IFN)q, interleukin (IL)-2 and
IL-12 have been investigated in combina-
tion with BCG in the treatment of bladder
cancer.”* We previously combined BCG
with intravesical [IFNa and observed this
combination therapy to be safe and effec-
tive, particularly in patients who failed
to respond to BCG monotherapy. Such
BCG and cytokine combination thera-
pies provide an opportunity for the use of
lower and safer doses of BCG, while pre-
serving or even enhancing BCG efficacy
in the treatment of bladder cancer (Fig. 1).

Much progress in the use of BCG in
the treatment of bladder cancer has been
made thanks to preclinical studies in ani-
mal models of bladder cancer. Besides
BCG combined with Thl-stimulating
cytokines, we have investigated BCG in
combination with IL-10 blocking agents
for treating bladder cancer in animal mod-
els. IL-10 is classified as a Th2 cytokine
and regulates growth and/or differen-
tiation of various types of cells to control
immune responses and tolerance in vivo.
It has been documented that IL-10 plays
an inhibitory role in both bladder cancer
immunosurveillance and BCG therapeu-
tic efficacy,"® although it can promote
antitumor responses in certain types of
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other cancers. The development of a dom-
inant Thl cytokine profile (e.g., IFNYy,
IL-2 and IL-12) has been associated with
the therapeutic efficacy of BCG, whereas
the presence of high levels of Th2 cyto-
kines (e.g., IL-10) has been linked with
BCG therapy failure.” A tendency toward
higher ratios of IFNvy vs. IL-10 has also
been observed for BCG responders.”® To
date, all animal studies have supported the
dominance of Th2 cytokines observed in
human bladder cancer. Previous studies
have shown that IFN+y and IL-12 but not
IL-10 are required for local tumor surveil-
lance in a mouse model of bladder cancer,
and that IL-10 affect the therapeutic out-
come of BCG treatment in animal models
of bladder cancer.” Mice genetically defi-
cient in IL-10 (//107) developed a mark-
edly increased local immune response,
coinciding with increased therapeutic
efficacy, after intravesical BCG treat-
ment.” Accordingly, we have observed
that 7/107 mice or mice in which IL-10
had been blocked with neutralizing anti-
bodies developed enhanced delayed-type
hypersensitivity (DTH) responses, show-
ing increased mononuclear cell infiltra-
tion and production of Thl cytokines
(e.g., IFNY) in the BCG-treated bladders.”
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Figure 1. Suggested cascade of immune responses in bladder mucosa induced by intravesical bacillus Calmette-Guérin (BCG) instillation. Attachment
of BCG to urothelial cells including carcinoma cells triggers the release of cytokines and chemokines, resulting in the recruitment of various types of
immune cells into the bladder wall. Activation of phagocytes and the cytokine environment lead to the differentiation of naive CD4* T cells into Th1
and/or Th2 cells, which further directimmune responses toward cellular or humoral immunity, respectively. The therapeutic effect of BCG depends on
a proper induction of Th1 immune responses. Interleukin-10 (IL-10) inhibits Th1 immune responses whereas interferonwy (IFNy) inhibits Th2 immune re-
sponses. Thus, blocking IL-10 or inducing IFNy can lead to a Th1-dominated immunity that is essential for the BCG-mediated bladder cancer resolution.

Under the condition of aggravated DTH
responses, a significant enhancement in
BCG-induced anti-bladder cancer immu-
nity was also observed,” suggesting that
blocking IL-10 production and/or activity
may provide therapeutic benefits for the
BCG-based immunotherapy of bladder
cancer.

Recently, we initiated the evaluation
of IL-10 blockage at the receptor level on
BCG induction of Thl immune responses
and anti-bladder cancer immunity."
Mice treated with intravesical BCG plus
systemic anti-IL-10 receptor 1 (IL10R1)
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monoclonal antibodies (mAbs) showed
significantly increased IFNy mRNA and
protein in the bladder and urine, respec-
tively, with a dose-dependent pattern.
Accordingly, mice implanted with blad-
der cancer cells and treated with BCG
in combination with anti-IL-10R1 mAbs
showed substantially improved tumor-free
and survival rates compared with control
mice. More recently, we further evalu-
ated this approach employing a reduced
dose (1/3 full-dose) of BCG plus anti-IL-
10R1 mAbs, and observed that the com-
bination therapy significantly prevented
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bladder cancer metastasis to the lung dur-
ing an extended experimental period (no
metastasis in mice treated with combina-
tion therapy vs. 36-53% of incidence in
control mice). This observation suggests
that BCG might be used at a reduced dose
when combined with an IL-10-blocking
agent to minimize BCG side effects while
maintaining BCG efficacy. The observed
effects of anti-IL-10R1 mAbs are pre-
sumably due to its inhibition of BCG-
induced Th2 immune responses, leading
to a Thl enriched microenvironment in
the bladder, a condition essential for the
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therapeutic control of bladder cancer by
BCG. However, the actual mechanisms
by which anti-IL-10R1 mAbs enhances
BCG-induced anti-bladder cancer
immunity need to be further elucidated.
This said, our observations suggest that
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